We report correlations between variations in charge transport of electrons and holes in synthetic single crystal diamond and the presence of nitrogen impurities and dislocations. The spatial distribution of these defects was imaged using their characteristic luminescence emission and compared with maps of carrier drift length measured by ion beam induced charge imaging.
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Diamond has been studied for many decades as a solid state ionization chamber for radiation detection. 1, 2 It combines a number of extreme properties, such as large charge carrier saturation velocities, radiation hardness, tissue equivalence, chemical inertness, and high thermal conductivity. Its large band gap of 5.48 eV results in solar blindness and low leakage currents during room temperature operation, 3 for example in high energy physics experiments, 4 medical dosimetry, 2 beam monitoring 4 and neutron detection. 5 The detector performance and stability is determined by structural imperfections and impurities in the material, which influence the induced current signal. In polycrystalline diamond detectors it is known that grain boundaries act as charge trapping centers, severely limiting the spectroscopic performance. Ion beam induced charge (IBIC) imaging has been used routinely to study diamond radiation detectors, their priming behavior and interactions due to optical illumination. 6 Recently, single crystal chemical vapor deposited (CVD) diamond has been synthesized successfully in a number of laboratories. 7, 8, 9 This material allows us to study the effect of defects on charge transport in the absence of grain boundaries.
In this work, we present a combination of luminescence and IBIC imaging in a synthetic single crystal diamond provided by Element Six Ltd (UK). The spatial defect distribution of the material has been investigated using a photograph of the luminescence excited by < 227 nm wavelength ultraviolet (UV) irradiation of a Xenon lamp. Cathodoluminescence (CL) spectral imaging at room temperature has been carried out at the University of Strathclyde . The spatial resolution in our case is limited to 10 µm by the number of pixels in the scan area.
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Each proton interaction produces electron hole pairs, corresponding to a charge Q 0 in the device, and the charge carriers drift through the material according to the electric field. The induced current pulse is integrated by an Ortec 142 A charge sensitive preamplifier followed by an Ortec 570 shaping amplifier. The amplitude Q of each interaction is proportional to the carrier drift length; it is calibrated in terms of charge collection efficiency CCE=Q/Q 0 , using a 100 % efficient silicon pin diode. The average electron hole pair creation energy is 3.6 eV and 13.2 eV in silicon and diamond respectively.
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The sample dimensions were 2.4 mm x 2.9 mm x 0.49 mm, cut vertically through the wafer grown by a microwave enhanced plasma CVD method. During the growth process, nitrogen was deliberately introduced into the growth reactor for short periods of time, in order to study its effect on the material properties. Consequently, thin layers of nitrogen enriched material are found at various distances from the high-pressure high-temperature (HPHT) diamond substrate.
These layers are easily identified as the orange lines in the luminescence image shown in Fig. 1 (a). Vertical line structures in blue are also distinguishable, associated with band A luminescence from dislocation bundles in diamond. 14 The CL confirms that outside the nitrogen doped areas only band A luminescence is observed. Whilst it is primarily concentrated in vertical dislocation bundles, it is also observed throughout the sample as low intensity point-like luminescence centers, visible in Fig. 1 (b) . The HPHT synthesized substrate emits very bright blue luminescence and charged strongly during the electron irradiation of the CL experiment. The CL spectra shown in Fig. 1 (c) are extracted from the indicated positions in Fig. 1 (a) . The spectrum extracted from the nitrogen doped layer exhibits the known signature of a neutral nitrogenvacancy complex 15 and another nitrogen related defect signal with a peak position around 2.33 eV. 16 For the IBIC experiments, ohmic contacts were formed on the front and on the back side of the sample using evaporated Ti/Au (50 nm/ 30nm), which were annealed at 673 K. Accordingly, the carrier lifetimes in our samples are in the order of a few tens of nanoseconds.
The reduced signal height along the nitrogen enriched lines is shown very clearly in Fig. 2 and 4 (a). This data directly confirms that nitrogen impurities reduce the  of electrons and holes, consistent with a nitrogen related defect acting as a recombination center. 23 Although less strong, the bands showing strong band A luminescence intensity also exhibit degraded electron and hole charge transport compared to their surroundings, illustrated in Fig. 4 (b) . The areas of enhanced band A luminescence emission, corresponding to dislocations, coincide clearly with reduced CCE; thus dislocations reduce  for both carrier types and the same line of argument as for the nitrogen lines also indicates a recombination center in this case. 23 On the other hand, the "fading" of the dislocation effect visible in Fig. 2 , which is below the saturation regime of the carrier velocities. 13 The weaker intensity band A point-like structures visible in the luminescence image are not resolved in the IBIC experiment, which could either be due to their weak effect on the charge transport or due to the limited spatial resolution.
In conclusion, it is found that dislocations strongly emitting band A luminescence 
